Objectives: Ultrasound-guided aspiration cytology (US-FNAC) was previously used to diagnose lymph node metastasis of papillary thyroid carcinoma (PTC). Combined US-FNAC with nodal thyroglobulin (LN-FNA-Tg) significantly improved the diagnostic rate.
will rise to 11% with loco-regional metastases and reaching up to 50% with distant metastases. 2, 3 The median 10-year survival rate will then drop to 60.% 4 Therefore, it is critical to diagnose the locoregional lymph node metastases early and provide further intensive treatment in time.
However, how to diagnose recurrent nodal metastasis still remains challenging. Various modalities are routinely used with various sensitivities, such as 62% for high-resolution ultrasound, 77% for neck CT scan and 75%-85% for ultrasound-guided fine needle aspiration cytology (US-FNAC) 3 . Particularly, US-FNAC is highly skill- To address this issue, this study was designed based on a retrospective, cohort data set from PTC patients documented with recurrent nodal metastases. First, we tested the accuracy of US-FNA and LN-FNA-Tg from excised nodes. As our LN-FNA-Tg can definitely diagnose nodal metastasis, we further assessed the hazard of the sonographic features consistent with positive LN-FNA-Tg. Our results could assist clinician to choose a proper lymph node for diagnostic confirmation.
| MATERIALS AND METHODS
Patients with PTC were routinely treated by total thyroidectomy and radioiodine therapy at Kaohsiung Medical University Hospital.
The empirical dose of radioiodine was 50 mCi for medical ablation, 
| Statistical analysis

Keypoints
• It's important for accurate diagnosis of lymph node metastasis because of its association with rising risk of disease-specific death for papillary thyroid carcinoma.
• LN-FNA-Tg is an objective and sensitive diagnostic modality with minute aspirate sample required.
• To achieve better diagnostic performance, most reliable sonographic features of nodal metastasis were characterized of cystic, hyper-echoic content and absence of hilum for positive LN-FNA-Tg measurement. For all the dissected lymph nodes, sonographic features of the pathologically proven malignant nodes (n = 49) and benign reactive 
| RESULTS
Sonographic features
Univariate analysis Multivariate analysis Diagnostic criteria performance Malignant nodes were defined by histologic proof of lymph node metastasis after surgical dissection. Reactive nodes were defined as undetectable FNA-Tg, serum Tg, undetectable Tg-Ab, negative cytology result, and interval stasis or shrinkage of lymph nodes in one-year follow-up. LN, lymph node; NPV, negative predictive value; OR, odds ratio; PPV, positive predictive value.
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| 1067 nodes (n = 58) were compared for their relative predictive value (Table 2 ). It appears that malignant sonographic features occurred more often in the malignant than benign lymph nodes. The predictive value for nodal metastasis was characterised by cystic content, peripheral hypervascularity, the absence of hilum and hyperechoic content in sequence. The predictive significance of calcification and SI < 2 was low. However, all the suspicious malignant features only achieved an accuracy rate ranging from 59.81 to 77.57%. This result clearly points the limitation to diagnose the nodal metastasis only by ultrasound.
There were 8 malignant nodes (from 6 patients) diagnosed by positive US-FNAC, but with negative LN-FNA-Tg. Five of these patients were in advanced stage 4c with distant metastases, but showed non-detectable serum thyroglobulin. After adjusted the bias, the reset criteria LN-FNA-Tg > 1 ng/mL and LN-FNA-Tg > serum Tg could achieve 100% of diagnostic rate for nodal metastasis. Then, we applied these criteria to test 236 lymph nodes (from 142 patients) to correlate the sonographic features with positive LN-FNA-Tg results. All the nodal aspirates for FNA-Tg were divided into group A (FNA-Tg > serum Tg and FNA > 1 ng/mL, n = 41) and group B (FNA-Tg ≤ serum Tg or FNA-Tg < 1 ng/mL, n = 195; Table 3 ). Our study revealed lymph nodes featured with cystic or hyperechoic content, peripheral hypervascularity and the absence of hilum were significantly consistent with positive LN-FNA-Tg result.
We further assessed the risk impact on the positive LN-FNA-Tg result for each sonographic feature (Table 4) . To achieve better diagnosis of nodal metastasis by LN-FNA-Tg, the preferred lymph nodes guided by ultrasound can be chosen by cystic content first, followed by hyperechoic content, and the absence of hilum.
| DISCUSSION
In this 3-year cohort study, 5 of 148 patients (3.4%) developed nodal metastasis that staged from N0 to N1. Even after comprehensive treatment with total thyroidectomy, radioiodine and TSH suppression, 23.0% of patients still developed recurrent lymph node metastasis, which contributed to the disease progression to more advanced stage in 7.4% of patients. Therefore, it is essential to keep a continuous check-up regimen and to establish a highly accurate diagnostic method to confirm the nodal metastasis. Our study suggests that the most reliable sonographic features of lymph nodes to choose for LN-FNA-Tg were cystic, hyperechoic content and the absence of hilum in order.
High-resolution ultrasound is routinely used as the first modality to evaluate nodal metastasis. Diagnosis of the nodal metastasis by sonographic features only achieved 60%-78% of accuracy 5 . Also, no single sonographic criteria could accurately distinguish benign from malignant nodes. However, our study showed that LN-FNA-Tg could reach excellent diagnostic accuracy to define LN-FNA-Tg greater than serum Tg and higher than 1 ng/mL. Consistent with other studies, the criteria could completely predict malignant nodal metastasis without interference by sample error or detection sensitivity 6, 7 . Our study further revealed that the preferred lymph node to guide aspirate were characteristic of cystic content, hyperechoic content and the absence of hilum.
Generally, the reactive or benign lymph nodes appear in fusiform or oval shape with linear echogenic hilum preserved by fat deposition. Tumour seeding in lymph nodes may shape mixed structures of Statistical analysis was performed by chi-squared test and Mann-Whitney U test to indicate significant with P < .05. FNA-Tg indicates lymph node aspirates washout for thyroglobulin level; serum Tg indicated serum thyroglobulin level. Group A indicated nodal FNA-Tg > serum Tg and FNATg > 1.0 ng/mL; group B indicated nodal FNA-Tg ≤ serum Tg or FNA-Tg < 1 ng/mL. Positive Tg-Ab was defined as the patient's serum Tg-autoantibody titre higher than 20 IU/mL detected by enzyme-labelled chemiluminescent assay. . The punctate echogenic foci shown on ultrasound only accurately referred to proportional presence (45%-48%) of psammomatous calcification, while other lesions came from condensed colloids or coarse calcification 15 . In our results, calcification of lymph nodes detected by ultrasound exhibited low frequency, low accuracy but high specificity for predicting malignant nodal metastasis. This may be attributed to the relatively low density of calcification in lymph nodes, which restricted the detection rate by ultrasound. As the calcification lesions are usually acellular with a dense calcium deposit, it was not easy to get an adequate amount per aspirate sample for LN-FNA-Tg for further improving the diagnosis of nodal metastasis.
The reactive lymph nodes still remain in fusiform or oval shape, which typically reveals hyperplasia over the germinal centre with histiocytes infiltrating the marginal sinus. On the other hand, malignant lymph nodes deform gradually as the cancer invades from the periphery into central area. Eventually, the nodal architecture turns into a round shape due to widespread cancer infiltration. The Solbiati index (SI), also called "roundness index," is usually used to discriminate between benign and malignant lymph nodes. Frequency of the round shape in metastatic nodes was previously reported to occur from 19.0 to 80.0% 10, 16 . However, the adequate cut-off point for SI remains inconclusive because of the wide variation of its sensitivity (23.8%-92%) and specificity (11.2%-81%) from reports 10, [16] [17] [18] . In one prospective study, the SI ≤ 1.5, indicative of malignant nodes, only achieved a diagnostic sensitivity of 66.7% and specificity of 92.9% 19 .
One study demonstrated 17% of benign nodes with SI < 2 In conclusion, both ultrasound-guided FNAC and LN-FNA-Tg were convenient and practical modalities to diagnose recurrent nodal metastasis. The most reliable malignant features of lymph nodes that can utilise LN-FNA-Tg measurement to achieve greater diagnosis were cystic content, hyperechoic content and the absence of hilum.
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